duplication deficiency derived from a maternal Dgroup pericentric inversion.
A female with secondary amenorrhoea, webbed neck, and kyphosis and a chromosome D pericentric inversion was reported by Cohen, Capraro, and Takagi (1966/1967) . Crandall and Sparkes (1970) described a pericentric inversion in 9 members of a family, all of whom were phenotypically normal.
In the family presented here ( Fig. 1 ) 3 children had congenital malformations. Chromosome analysis could only be performed in 2 of them, both had abnormal karyotypes. Chromosome studies in the family showed that 14 phenotypically normal individuals had an abnormal karyotype which differed from that found in the 2 abnormal children. group.bmj.com on August 14, 2017 -Published by http://jmg.bmj.com/ Downloaded from Case Histories Case 1 (IV.29). The proposita, a 5-year-old girl, was referred because of delayed mental development. She was the 1st child of a 24-year-old woman, who had one miscarriage when 2 months pregnant. Labour started at 38 weeks and delivery was normal. At birth she had a small extra digit on the ulnar side ofthe left hand. There was also a capillary haemangioma on the forehead and at the nape of the neck. She was an extremely 'fussy' and irritable infant. She walked at 11 months, talked between 3 and 4 years and was toilet-trained at 21 years.
In 1966 she was hospitalized, and the only laboratory abnormalities were elevation of 17-ketosteroids in the urine (2-2 5 mg in 24 hours) and an IVP showed abnormal bilateral dilation of pelvis and calyces. No other abnormalities were found. At 4 years 2 months she was referred to the Paediatric Department of the University Hospital Copenhagen, with signs of early breast development, tall stature (height 97th centile), and elevated 17-ketosteroids. The urinary 17-ketosteroids were repeated but were found normal. Bone age was considered slightly advanced. Pneumoencephalography and other studies showed no abnormality. No diagnosis was made.
Physical Examination. At 61 years in 1966 her height was 123 cm (90th centile) and her weight 25-5 kg. Head circumference was 51 cm. Several physical abnormalities were apparent (see Fig. 2 and Table I ). The eyelashes, especially the upper ones, were unusually long and numerous and markedly curled. She had alternating divergent strabismus of divergens excess type. The Case 2 (IV.14). In this family a 4-year-old boy was discovered who was mentally retarded and had similar physical abnormalities as the proposita (see Fig. 2 and Table I ) and the same chromosomal abnormality. He was the 5th child, and his mother was 38 at his birth. She had had at least 3 miscarriages but it was not known when. The pregnancy and delivery were normal. At birth he had several physical abnormalities: hexadactyly on both feet, bilateral cryptorchidism, and a right-sided inguinal hernia. The defects were repaired surgically. He had a capillary haemangioma on the forehead and at the nape of the neck and occiput. He was always quite 'fussy' and irritable as an infant. He stood up at 11 years, walked at 2 years of age, and began to talk between 3 and 4 years. It soon became apparent that the boy's mental development was retarded. His behaviour has always been abnormal, characterized by hyperactivity. An IVP showed dilatation and elongation of the left renal pelvis but no other urological anomalies except diurnal enuresis were noted.
Physical Examination. At examination at 4 years 7 months (September 1970) he was seen to be a rather thin boy. His weight was 18 kg and height 110 cm (75th centile). Head circumference was 51 cm; the forehead and the hairline were low. There was a faint capillary naevus in the occipital area. He had synophrys and the palpebral fissures seemed small because of extremely long, thickly set, and curly eyelashes. The nose was somewhat broad with slight epicanthus. The upper lip was long and flat. There was slight micrognathia. The ears were both broad and large without lobes, and slightly low set; the antihelix was very prominent and curved in a sharp angle. He had an alternating convergent strabismus. The teeth were rather poorly developed and the palate high and narrow. The chest was normally shaped. The left testis was in the scrotum but the right was only palpable in the groin. There was an ulnar deviation of the distal phalanges of the thumbs. Many joints were prominent, especially the wrists, knees, and ankles. Distally the extremities seemed thin. From behind the thighs appeared peculiar in shape although not as striking as in the proposita. The buttockfold was symmetrical, the upper part ending in a dimple; there were also several skin tags. During examination he was restless and his attention span was very short. Recent psychological testing showed the IQ to be slightly above 40. Except for mild hypotonia and reduction in muscle strength there were no other abnormal neurological signs.
Laboratory Examination. Routine laboratory studies were normal. Bone age was normal. He had abnormal karyotype (see below).
Case 3 (IV.8). This child, born on 14 September 1956 who died on 12 March 1957, was the 5th child of a 29-year-old mother. The pregnancy and delivery were normal. When 4 months old he was admitted to a small hospital because of irritability and fever. He had always been extremely 'fussy' and irritable, had failed to thrive, and was very thin. His parents considered his body length excessive for his age. His facial appearance was described as monkey-like (no photograph was available); the same observation had also been made about cases 1 and 2.
Physical Examination. In the medical record there was no description of his facial appearance. He was described as thin, his weight being 5880 g, which is far below the 3rd centile (unfortunately no length measurements were available). He had marked tachycardia but no murmurs, and clinically and radiologically the heart was enlarged (films lost). He had bilateral inguinal hernia and bilateral cryptorchidism. He had hexadactyly of both hands and both feet. He was discharged and readmitted 2 weeks later in coma with a high fever (42°C) and died a few hours later. The clinical diagnosis was pneumonia but no necropsy was performed.
Chromosome Studies
Chromosome analysis was performed on peripheral blood cultures prepared by the micromethod described by Edwards (1962) .
All members of the family tested had karyotypes consisting of 46 chromosomes. The proposita (IV.29) had a female karyotype with one chromosome missing from the D-group, and an additional chromosome in the C-group similar in appearance to chromosome No. 10 (Fig. 3) . The same chromosome abnormality was found in a relative (case 2; IV.14) who was also malformed.
The mother of the proposita, who appeared normal, had a female karyotype with one chromosome missing from the D-group, a normal set of C-group chromosomes, and an additional metacentric chromosome resembling a No. 16 (Fig. 4) . This same abnormal chromosome was found in 13 phenotypically normal relatives (see Fig. 1 ) in some of whom satellites could be identified on the long arms of the extra chromosome; in most cells fuzzy ends rather than definite satellites, could be seen. In many cells this chromosome was associated with acrocentric chromosomes (Fig. 5) .
Fluorescence studies were carried out after staining with mepacrine dihydrochloride (Mikkelsen, 1971 ).
In the proposita the abnormal C-group chromosome showed a fluorescent pattern different from the other C-group chromosomes. It had a bright fluorescent band on the distal part of its long arms as Table II were determined at the Galton Laboratory, University College, London. No inconsistencies were found. A girl (V.5) was found to have AB type of 6PGD while her parents had A type. However, as both father and daughter are carriers of the D1 inversion and as this preparation had been difficult to type due to postal delays, no significance was attached to this.
Discussion
In the early phase of this study the structural changes found in the normal carriers were thought to be a C/D reciprocal translocation between a part of the long arm of a C chromosome and a part of the short arm of a D chromosome. This interpretation of the chromosome picture was abandoned in favour of inversion when fluorescence staining showed normal C-group chromosomes and an inverted chromosome No. 13. The abnormal submetacentric chromosome replacing a missing chromosome No. 13 in the normal carriers was morphologically of same or similar size as its single counterpart.
The inversion theory was further supported by finding no abnormalities in meiosis in the carrier investigated. Theoretically, an inversion loop configuration should be apparent at the pachytene stage of meiosis (see Fig. 7) ; however, the difficulties involved in spreading human pachytene chromosomes make this stage generally unsuitable for analysis, and an inversion loop would not be evident at the analytical stages of diakinesis and metaphases I, when homologous regions are no longer intimately paired and the bivalent structure is maintained only by chiasmata.
The abnormalities found in 3 children of this family, 2 of whom could be ascertained cytologically, are considered to be due to a cross-over in meiosis between the inverted chromosome and its homologue in the carrier parent. Four possible results of crossing-over at meiosis are illustrated in Fig. 7 which shows 4 types of gametes formed (single cross-over of two chromosome strands, double cross-over not considered). The expected products of these haploid strands forming a diploid cell with a normal counterpart will be (1) (Smith et al, 1963 Tall stature is known to occur in patients with an extra Y chromosome, but has not been described in other chromosomal abnormalities, which usually show dwarfism. Accelerated growth was manifested in 2 of our patients (case 1 and case 3). In the patient that is alive (case 1) this seems to be confined to infancy and early childhood since she is now close to normal stature. Accelerated growth has also been observed in patients with cerebral gigantism Sotos et al (1964) but our patients do not otherwise resemble these and no chromosomal abnormalities have been reported in this syndrome.
The possibility that some of the deceased members of the family under study might have had congenital abnormalities has been explored. IV.8 has already been described (case 3) as being affected, probably with the same chromosomal abnormality. II.2 died at 2 months of age, II.4 was stillborn, 11.6 died at 9 months, II.8 died at 1 year, I.11 died at 6 months, and IV.15 died at 3 months; according to information from the family none of these were malformed in any way. IV.28 died as the result of an accident.
The patients that have been presented here all have very similar congenital abnormalities although some of these are quite minimal. These 3 children certainly resemble each other much more than their own sibs and parents. It is therefore suggested that they may constitute a new syndrome associated with a specific chromosomal abnormality. Summary A family is presented in which 3 members had similar abnormalities, the 2 surviving members having an abnormal karyotype. Mitotic studies using labelling and fluorescent staining, and meiotic studies on one carrier, were consistent with a pericentric inversion of chromosome 13.
